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PART Il.—Experiments on the splitting of oils by
means of Castor Seed Lipase.

by J. J. Sudborough, II. Ii. Watson and P S. Varma.

I. INtrODUCTION.

. The production in India of a crude glycerine capable of
readily yiclding a dynamite glycerine on distillation attracted a
good deal of notice during the course of the war and our attention
having been drawn to the subject by the Munitions Board we
carried out the experiments described in this part in order to deter-
mine whether it would not be possible to accomplish this object
by means of the well known castor seed ferment (see Part I).

There are five methods of producing glycerine from natural fixed
oils and fats :--

1. Superheated steam with a little lime in autoclaves, the
product is known as saponification glycerine.

2. Dilute sulphuric acid under pressure gives crude distilla-
tion glycerine.

3. The Twitchell reagent, consisting of a complex sulphonic
acid derived from oleic acid and an aromatic hydrocarbon, or the.
later more rapid “ Kontact "’ reagent (see Part IV).

4. Caustic soda in the manufacture of soap, when glycerine
is present in theso called spent lyes and is now generally recover-
ed : she product is known as crude soap lye glycerine.

5. Castor sced ferment, when the product is known as crude
fermentation glycerine.

[t appears to us that the last posscsses many advantages
from the point of view of production in India provided some of
the defeets could be overcome.

The advantages are :—1. The use of simple plant which
eould be made in the country e. g. mainly wooden vats. 2. The
avoidance of the use of expensive chemicals. Twitchell’s or the
“ Kontact ” ferment would have to be imported and substances
like sulphuric acid are more expensive in India than in Turope or
A merica. The only chemicals necessary would be the small
amounts of activators, small amounts of sulphuric acid and the
materials necessary for refining the dilute glycerine. 3. The fact
that the fatty acids formed should find a ready sale for candle
and soap making, cspecially as in the latter case the soap can be
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manufactured by using the comparatively cheap alkali, earbonate
of soda, whereas in the ordinary process of soap manufacture the
more expensive caustic soda is essentinl.  This is sometimes made
from the carbonate in the soap factory, but even this entails ex-
tra cost. 4. The normal atmospheric temperature in many places
is practically that required for rapid hydrolysis so that no artificial
heating is required.

The drawbacks of the fermentation process are :—1. The
comparatively large middle layer formed at the end of the opera-
tion, when glycerine liquor is separated from the fatty acids.
This middle layer retains an appreciable portion of the glycerme
liquor and the removal of the latter is difficult 2. The impure
nature of the crude glycerine obtained. This is largely due to the
soluble proteins presentin the castor seeds; these are ultimately
found in the erude glycerine and render the production of dyna-
mite glycerine by distillation a difficult operation.

As pointed out in Part I (p. 219) attempts have been
made to overcome these difficulties by using preparations made
from the sceds in places of the seeds themselves.  All the methods
adopted have had as their object the removal of protein matter,
other than the lipase ferment, from the sceds in order (1) to reduce
the middle layer to a minimum and (2) to obtain a erude glycerine
as free from protein matter as possible.

Of the numerous preparations described in Part I, section
1 the only ones which appear to have possibilities for employment
on the commercial scale are :— ‘

1. The German process due to Hoyer (p. 221).
2. The French process due to Nicloux (p. 219).
3. The Japanese process due to Tanaka (p. 222).

We have carried out a number of experiments using
these three types of preparation, more especially the first and
second and our experiments lead {0 the conclusion that the French
method or some modification of it is the simplest to work.

Il. GenNeErar METHOD OF PROCEDTRE.

In most of the small scale experiments the commercial
oil—cottonseed 0il but in a few cases ground nut oil—the acid
and saponification values of which has been previously determin-
ed, was mixed with the ferment—either the crushed decorticated
castor seeds or some preparation obtained from the ecrushed seeds
—in the proportion of 100 parts by weight of oil to 4 parts hy



243

weight of seed—and the water and activator subsequently added,
usually in the proportion of 36 —5u parts by weight of 0-0277 N
acetic acid.  In order to obtain a good, permanent emulsion the
misture was asitated automatically by a simple stirrer consisting
of two wlass rads fixed in a holder and driven by a hot air motor.
The stirring arrangements were so arranged that five experiments
could be eonducted at the same time and cach stirrer worked by
the same driving band.  Tn some case the stirring was continued
durine the whole period of the experiment, in others after four
hours stirring the mixture was kept at rest and it was found
that the emulsion remained permanent.

The method adopted for estimating the percentage of oil
hydrolysed was somewhat simpler, although perhaps a little less
acenrate, than that deseribed by Hoyer (p. 236) and consisted in re-
moving at any given time a weighed quantity of the emulsion,
usually about 5-10 grams, dissolving this in 90 per cent. alcohol,
making up to 200 or 250 c.e. and titrating an aliquot part
arainst standard sodium hydroxide solution using phenol-phtha-
lein as indicator.

From the total weight of the emulsion and also the pro-
portion of oil present, the quantity of oil taken was readily cal-
culated, and after subtracting the amount of alkali required for
any free acid originally present in the oil and for the acetic acid
used as activator, the amount of alkali required to neutralise the
fatty acids liberated by the hydrolysis of the oil was ascertained ;
and knowing the original saponification value of the oil, the per-
centaze of the oil hydrolysed in the given time was readily calcu-
lated.

Thus in one experiment using an oil with an acid value*
24 and a saponification value* 32:77, after 4 hours 640 grams
of emulsion were removed and made up to 250 c.c.; 25 c.c. of
this solution required 1116 ¢. c. of 0.1N. caustic soda for neu-
tralisation. The 6.40 grams of emulsion were cqual to 47636
grams of oil, hence on» gram of oil is neutralised by 2406 c. c. of

the standard alkali.

The alkali was used in ncutralising any free acids origi-
nally present, the acetic acid used as acceleratort and the.,’r}'oe
fatty acids produced during the reaction ; as the original acidity

* >ee foot note p. 245.
+This value for 1 gram of emulsion is 8o small that it may he neglected.
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of the oil was 2.42, the actual amount of alkali required to neu-
tralise the acids produced from one gram of 02il i&%'OgO-— 2421=
o1. . 2164 x 100 __ ...
2164 and hence the per cent of hydrolysis= 83T — 943 — 712,

A slight inaccuracy is due to the fact that during the
course of the experiments, some of which lasted 72 or 96 hours, a
certain amount of water was lost by evaporation, and hence to-
wards the end of the experiment the composition of the emulsion
would have altered somewhat, quite apart from the hydrolysis
which had taken place. In one experiment using 200 grams of
oil, RO c.c. of dilute acetic acid and 26'3 grams of Nicloux’ fer-
ment at 23'5— 265° a loss of 7°0 gram had taken place after 24
hours continuous stirring. In a similar experiment the loss was
8 grams.

Two parallel experiments were conducted in order to
determine the error thus introduced. In the one experiment the
hydrolysis was determined by the mecthod just described and in
the other by removing a portion of the mixture, breaking the
emulsion by means of sulphuric acid, washing the oily layer with
water, drying it and then titrating the fatty acids in a given
weight by means of standard sodium hydroxide. For the first 18
hours the results were practically identical and even after 48
hours the former method gave 93'1 per cent. hydrolysis and the
latter 917 per cent.

IIT.. SoMe PRELIMINARY EXPBRIM. NTS.

a) Action of dilute acetic acid in the absence of
castor ferment. As the statement had been made to us that ap-
preciable hydrolysis of groundnut oil was produced by dilute
acetic acid in the course of half an hour and in the absence of
castor seed ferment, we carried out the following experiments :—
(1) A mixture of 50 grams of refined ground nut oil, free from
acidity, was stirred with 20 c.c. of dilute acetic acid (166
grams per litre) and the mixture titrated after 5 hours at 24-27°
The amount of fatty acid corresponded with only 02 cec. of 0T N
caustic soda solution (2) A similar experiment made with water
required 0°15 c.c of 01 alkali. (8) A similar experiment made
with commerecial groundnut oil and water (50 : 20) required
892 c.c. of 01 N alkali for the free acids present and (4) a
sample of the same oil stirred with dilute acetic acid (50 oil: 20
dil. acid) required 44'9 and this less the 57 necessary for the
acetic acid gives the same result as experiment 3, viz. 392 c.c.
These results show that dilute acetic acid does not produce any
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recognisable hydrolysis in the course of 5 hours with either
aeid-free groundnut oil or the commercial oil containing free
fatty aeild.

by Asalready stated several experiments were carried out
ab the same tine and so arranged that each stirrer was driven by
the =ame hand 5 aseries of experiments was made by taking five
oil ferment mistures of the same composition and stirring all at
the same tine and ascertaining whether the percentages hydroly-
sed were at all coneordant.

The results given in Table T show quite good agree-
ment.  Each mixture contained 100 grams of castor oil (with
an acid® value 2912 and a saponilication value 32:77), 4 grams
of erushed castor seed and 36 c.e. of dilute acetic acid (1.66 grams
poerlitre).

Table No. I.  Faperiment No. 5.

1. 4. 10. 18. 28. Time in hours.
Beaker No ! 08 72 a5l 955 9920 % of oil hydrolysed
2 w2 40T 7000 851, 940, 9849, »
- w 3o 41, 7100 8603 940, 989, "
. oo b2 70090 8648, 947, 98k .
, L0 na0. 718 B4 OFR. YN8 "

A seeond series of  experiments was made with castor,
cotton seed and groundnut oils in order to show that control
experiments made affer an interval of several days gave concordant
results.

Table No. 11 gives the results of these experiments.
Table No. LI gives the resalts of a number of experiments

wade with different oils using crushed castor-seed as catalyst and
cither acetic or sulphuric acid as activator.

*In all the experiments the aneid value indicates the No. of c.c. of 0°1
N alkali required to neutralise the free acids present in one gram of the oil. In a
similar manner the  saponification number indicates the number of c.c. of 0°1
N alkali required to resct with the total acid (free neid + acid combined as
esters) in 1 gram of oil.
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Each experiment was made with 100 grams. of Oil, 4 grams of Crushed Castor Seed

and 36 c. c. of acetic acid solution.

No. of Acid val ; S feati Per cent of oil hydrolyed after » . ]
No. ol ; cid value' Saponification ate o N
Experiment Oil used of oil | value of oil ; | ; [ Experiment Temperature
f 1. 40 10 18 | 28 43 hours
— _ ; o 4 A S (L e
v i i ;
; i i ; : !
6 Castor ... w086 5205 | 269 DOBLO0 L T4 83 w09 949 June 4th | 25—27°
i i : l f !
j ; § | !
T " ;; wo " ¢ 319, 699 88'9 . 930 961 »  20th 27—30°
‘ s ‘ ' b %
s Cotton Seed w020 3567 | 211, 552 621 Sx9 899 952 June 4th 25--27°
| ! | ;
! i ! % , a i
9 " ; » o 197 510 TA2] 8#4 873 923 . 21th 23—26
| j z | i -
I Uround Nut a3 ‘ 3533 0 2%s 516, T8 7T S50 g July ¢th 23--26°
) ! ! t
11 " ! b , Pows w0 Mslousl s w8 . 2ith 2326
t } i '
! ‘ ! : i : ‘
i ! ]

PRIRPRIEE A2

9ve



TABLE 1I1I.

Preliminary Experiments.

Nooof | : , g : Per cent of hydrolysis after E
i"x‘p‘t . Uil used a . b |oe d e £ g o ) ) i ReMarxs
R : | ! i | ; { o i ooq 1481
3 R b i IR UEE T U - e
i ; 3 ) | SO ..\ .0 .
12 Groundenub . 10 Nil ,?1'3‘635 4 36 Nil Nil e 0. 1T 80 55 7.3
!zz . . ) 2;,3 @g;’;‘ i gg : " " o 14 21 35, ¢ &0
1 ; ' PR & 3533 - g acetie [ 4006 C e21 0 821 8L.1 903 044
i Castor | 20 223 Z32'70f o8 ¢ T2 » Q0120 248 0 08 651 79 78‘3
16 “ Lo PO SR ' " ' SF 60 7700 7R3 R0 Stirring more rapid.
ke Lo R AR » , . . WL B0T, 455 40T D683 L The erushed eastor seed lad been
i ; : kept for two days before being
i : : used.
4 : . 1
1w » Co » P N " » - 243 869 477} 679w A smaller variety of seed used,
19 ") TR TY o om " » " 28.7 | 857 0 7200 | V60 786 ... The seed was ground with some
20 " Lo 43 182U v i . 279 612 658! 778! 844 of the acetic acid zolution for 45
: : ! : ! minutes before adding the oil and
i k . the remainder of the acetic acid
i ; | . . solution.
2| = P00 085 13205 £ 3/ ., $ 0597 269 610 YT 854y 9009 949
22 Cobton-seed ; 1000 0002 '34'23° 30 360 'sulphurie (42 790293 5581 705 | 834 . 90.1
23 ! w0 100 020 {8567 4 ¢ 86 - acetio 00597 211 - 55.2 . T¢2 | 85.0; 800 052

a  Quantities of oil in grams
b Aeid value of 0l expressal in no of a. ¢, of 0°1, N. alkali required o nautralise one gram of oil
¢ Saponifieation value express2d in no of e. ¢. of 0'1 N alkali requirel to neutralise and saponify 1 gram of oil
d Weight of castor seed as ferment
Water added in grams
f Activator used
g Amount of activator expressed in grams

Lve
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1V. FExXPERIMENTs ON IHOYER’S METHOD.

In this method (cf. p. 221) the ferment is prepared
by grinding the decorticated castor sced with 10 times its weight
of water, removing all coarse particles by filtration through cloth
and then allowing the milky emulsion to remain at rest for
several days. During this time {fermentation occurs, a foetid
odour, resembling that of decayed cheese, is developed, bubbles of
gas escape and a scum rises to the surface; at the same time a
white flocculent deposit settles at the bottom and the intermedi-
ate liquid bscomes nearly transparent. The upper layer is
removed, freed as far as possible from water, but not washed, and
is usad as the ferment, either with or without an accelerator.

Table IV gives the results of a number of experiments
carried out with this process. The fermenting liquid was kept
for different periods of time and the top layer removed and used
for hydrolysing the oil. Experiments were also made with the
bottom layer from certain preparations. As the ferment itself
shows distinet acidity e.g. in some experiments 1 gram of the fer-
nment neutralised 15 4 c. ¢. of 0.1 N alkali, this acidity was
taken into consideration in determining the amount of oil hydro-
lysed after given intervals of time.

The ferment used in experiments 24 to 35 was prepared
by grinding the seeds and water in a pestle and mortar by hand
and it was found that the amount of top ferment obtained from
50 grams of seed varied only between 49 —52 grams and that the
amount of deposit at the bottom of the vessel was very small.
In each of these experiments 4 grams of ferment corresponding
with 4 grams of seed was used for 100 grams of oil  The results
of these experiments indicate that the time during which the
liquid is allowed to ferment has very little effect upon the activity
of the ferment within the limits 72 to 120 hours, and that the
activity is practically identical with that of the same weight of s ed.
(Compare experiments 15 and 16 with 24 to 29) By taking a larger
proportion of the ferment it is possible to increase the rate of
hydrolysis (comp. expt. 49). In experiments 34 and 35 acetic
acid was not added and the results of hydrolysis are very poor,
indicating the need of a co-enzyme when Hoyer's preparation is
used.

Experiments 36 to 42 were made with undecorticated
sseds.  In the preparation of the ferment an appreciable amount
of a deposit was obtained in addition to th» top layer, and separate
experiments were made with the top and bottom layers, bat with
both the amount of hydrolysis was negligible.



Table IV,
Experiments using Hoyer’s method.
In each experiment 100 grams of oil and 36 c.c. of water wer
P i

e used.

No,of | Temp in

1 : Per cent of Hydrolysis
Experiment | degrees ¢ | Oll used b e, d 1 £ ; g 1 410 18 f‘ 28 | 48 hrs Remarks
i ! i
! i | | F— — —
24 25-27'5 | Castor (.86 3205 4 Acetic 00597 | 18.0 | 40°8 | 593 | 698 7gg | _ i *
25 N | N ., MRl ; N 1182 | 407 i 560 | 702 759 - } Decorticated. 72 hours.
A S S N P ; . 1268 | 456163 715 e 96
27 " e . ” 258 | 885 504 | 77 gy _ |} "
28 B 3 ! 3 : 13 kN : » » 33 j ]7’9 46 0 65'6 74‘"8 82 8 - 120
29 i ”» » B 3 » » » { i : 201 46'7 © 646 75.7 823 - } ” "
30 , . O » ', 130|808 1521|622 799 144
31 > » i 3} ! » 3 ! 13 1 12.6 30-8 f 500 609 69“ - } ” ”
32 . o BT R s . 208|405 570 | 677 waz - 168
53 N 5 e e o | DS 1109 w0 o8 | Ge res T b ”
34 | 23265 - 242 | 3277, Nil | Wil L7} 24 331 34 49 — » 2,
:';5 i 25"’6 I ) » 3 g i 3 . ‘ 3 ; 0 g (1)2 i gg 31 40 — }' »
36 i -26 | " 104 1 8295° 15 | acetie | 0.0507 | 1. . 4o — — : )
O U A | Nl 10| 120 ooss) — T T }Undecotioatedlu
38 . ! " , 15 acetic | 00597 . 11 | 18 o7 ! — — ' "
89 or " oo ow " NiloNiojesfescoozl — T T} '
40 %-27  |Growniuut 0'66 3376 8.0T | acetic | 00597 | 692 | 162 259 823 -
a1 o R , N Nil | Nl 481 510 60| 62 — " 168
2 wo 2 Low | w . 30B | acstic . (0597 a2 11'3 | e ;Q'g = = '
43 - - w | w | 15T , - - 7120613826 379 456 | rticated. .
PV I S R g M S 63 | 167 | 200 | 32'8 45% o8 f}Deco tieated. 72,
5 . A CIBT o, L, 20| 29 391 40 xy  gg s 14,
46 ~ » * “ Eoy , L 1'5B » Lo 24 | 48 1109 214 337 509 ,} ’
47 P 21-26 ‘ i - . 1.5 T » L 42 50 86 /138 9246 —
18 " A I, 15 B P 18 | 28 . 54 81 g5 9203 :} R 2,
49 2557 J Castor | 2'32 |3377! 7.8 » Q s | 802 {591 753|876 948 |
i ’ : | i

T=top layer. . *The numbers indicate the length of time the

B=hottom layer. . lignid was allowed to ferment before the scum

d=Weight of ferment and corresponds with 4 grams wag removed,

of castor seed, except in Expts. 40, 41, 42,49
where a larger proportion of ferment was used.

678
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Attempts were made to grind the seeds and water in
some type of mill, as on a large scale it would not he feasible to
grind by hand in a pestle and mortar.  Both a ball mill and also
a small edge runner mill were used.  In all cases it was found
that the amount of vesidue left on the cloth in the preliminary
filtering was large, and that during the formation of the ferment
an appreciable bottom layer was obtained. The results of the
hydrolysis are recorded in Table I'V under experiments 48 to 4.8,
and show that both the hottom and top layers have lipolytic acti-
vities, but the amounts are small for the quantitics of ferment
used. In all these cases the amount of top layer wag extremely

small; the actual values are :—

Bxperiment. Seed.  Residue on cloth.  Top luyer.  Bottow Layer.

43 and 4.4 175 45 45 n0
45 and 46 175 ) 50 - 19
47 and 48 100 21 92 30

V. ExperIMeNTS Based oN Tanaka’s MEeETHoOD.

In Tanaka’s original description (ef. p. 222) ether is
recommended as the solvent for the removal of oil from the
crushed castor seeds. Our experiments have been made with
toluene.

50 grams of decorticated castor seeds were ground in a
mortar and the cake digested several times with toluene for two
days at the ordinary temperature (23-26°).  The product was then
filtered through mull cloth in order to remove coarse particles and
finally through filter paper to remove the fine particles. The
coarse particles were washed with toluene, dried, and reground
repeatedly until nearly all passed throngh a 60-mesh sieve.  The
powder so obtainad was mixed with the powder collected on the
filter paper and the whole dried at a temperature not exeeeding
30°, when 14 grams of dry powder were obtained, together with
38 grams of coarse powder.

Exp. 50--1060 grams of castor oil, 36 c. c. of dilute acetic
acid solution and 1. 2 grams of the {ine powder (=4 grams of
crushed seed) were mixed and stirred and the following results
were obtained :—

Per cent of oil hydeolysed 244 50 89 113 116,
Time in hours. 1. 4. 10. 18. 28.

Expt. 51.  Similar to No. 30 exceept that 1.2 grams of
the coarse powder was used.

Per cent. of oil hydrolysed. 1-7. 29. 54. 7. 53
Time in hours 1. 4. 10. 18. =R
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. Expt. 52, Similar to No. 50 but using a new preparation
of the fine powder. | |

Per cent. of oil hydrolysed  406. 12:6. 23'7. 339. 437.
Time in hours., 1. 4. 10. 18. 28.

100 wrams of the powder as used in expt. 52 were tritu-
rated with 650 ¢, . of 0°1 N acetic acid at 30—34° for half an
hour. The milky liquid was then filtered, the residue washed
with water and dried at a temperature not exceeding 30°.,

Expt. 53. 100 grams of castor oil, 36 c.c. of water
sl 102 eeauns of this powder were used.

Per cent of oil hydrolysed. 08 09 10 1-3.
Time in hours. Tl 4 10. 18

Expt. b4, Similar to No. 58 exeept that 0.2 gram of
manuanese sulphate was added in order to see whether it produced
any inerease on the amount of hydrolysis.

Per cent. of oil hydeolysed, 095, 1-2. 1. 1-6.
Tiwwe in hours. 1. 4. 10. 18.

As the method of extraction with a volatile solvent is
tedious and as the experiments made with the French process
cseetion VI gave prowmising results the investigation of the
Japanese method, in ovder to determine the conditions for opti-
g yields, was not continued.

VI. Exrerg-menrs oN NicLoux’ METHOD.

The method adopted for preparing the ferment on a
smedl sode was usually  similar to that deseribed by Nicloux.
Decorti aitnd castor seeds were ground for 30 minutes in an edge
riviner mill with twice their weight of cotton seed oil, the pulpy
mass $o obtaine L was then gently presse Lehrougi a 40 mesh sieve
and finully throuwzh fine mull cloth.  ‘The wire sieve retained the
coarse aleurone particlos, and the cloth the fins aleurone particles
tozether with some ferment. The turbid, oily liquid, which passed
throuzh the cloth, was used as the hydrolysing agent.

Table V gives the results of a number of experiments
made with around-nut oil and cotton-see 1 oil using azetic acid as
activator.  Table VI gives results for eotton ssed oil using sul-
pharie acid as aetivator and Tably VID results with anganous
sulphate s the activat . Table VILD rosorls exporiments movde
at di Toreat temporitures using either acetic acid or sulphurie acid
a8 (“)'(‘HZ}']]N*.



TABLE V.

Experiments using Nicloux’ method

with acetic acid as accelerator.

No- of
Jxp't

T N
emp in

Cologrees O

25 s
B
Q-0
-6
"
s
B IR

]

2528

Lil use i

Ground nnt

totton Seed

P ——

o8 3295
R8 3350
065 30
IO PN )
R TR

Por cent of hydrolysis after

Hrs: ©

843
223

52
w9
25
9 4
a2l
a1t
540

e e
8e
~ 1 T D e et

e
3

LIt

Xy L T
|J?..i‘::5-_1§
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-1
by
=

v 606 668
370 409 642

376 451 .
@6 TR
w3 VTS

TUSOTEE
RS Q.
gl -
84—

A GO 3 ek bt bt Bt £ e

Remarks

2 wle . . e . . . . -
Romarks 1 Ferment prepirad by grinding in eloe rinner mill, pressing through wire sieve and then

“w

layer as ferment

Forment preparsd by grinding in » g

2 Ntale ferment. used 4th day ofter prepsration

d Weight of wily ferment in grams. T grams corre-ponding with 4 grams of seed,

S rrares of fine rest lne retaina i by the eloth in straining the ferment,

Similar to 3 hut proiuc teice eentrifag o in a tube ventrifuge wad the apper aly

Layer used as the ferment.

through cloth.

ronn-r bl sl then ventrifuging in w tube centrifuge and tuking the upper turbid
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TABLE VL

Experiments with Niclonx' method using Sulphurie acid as aceelerator at 2225

The oil used was eotton sced oil with an acid value 0°04 and a saponitication value

01 taken
OTTRTIN

3441

Werght of fere
mentoan aranws

Yol

Werght of suls

vhrie acil in

Por cent of Hydeolssis aiter

Bervarks onoprejurationolth

Rrams H 3 5w » 25 45 heours

&h Y] 105 a6 (175 : g2 Grad RS sy Rame as No, 3¢
] " " . " i Ry Ha 11 14 N
ol . - - {23 T 1674 hag] s g2 "
fis " o . " f B 44 a9 3Ty 515 "
30 " - o wolzs | Svs 487 a4 ey al'g "
o . - “ “ booay 442 st ! 22 .
4 Lo . iy it
! - ” " ™ , o 57 : e 3 1 _ A now ferment preparation used. Stir- o
o " " . " [ W R 763 o8z 3 ring was d\s«om}n“ed after 4 ho.u‘:.. P
w3 - . .. N i ¥2 Wy 43 &6 | TG0 ‘) Used eake obtained by cold pressing seed P

i ! : { and ground this with its own weight of
. H } . \ eptton seed il From A7 grams cake
4 “ " o - oa 313 534 855 Tl T8 Vonly S0 grams of ferment was obtained.

4
A “ " » » i 10 1’5 ' 26 34 . l

! ¢ Undecorticated seed used for preparing fer-
74 . " N " ; er 4 15 rr = ) ment.

B i :

i " " " R 85 5 s a0 . a3 493 s No. 5
It " " " " ; 58 121 | 353 349 | 303 97 } Same as No.
& " " " aol2s | 3 260 | 433 544 L 549 671 f } As above only less cotton seed oil nsad for
S0 " " » ” 41 196 ¢ 347 7 45°8 5872 grinding cake (1:1)
81 " " » : “ 178 W9 1 erd 7y -0 .
a2 " N » i 1 175 35 ¢ EER 848 | AsinExperiment 5
§3 1768 183 836 i 01951 L 104 406 639 7$3 S N
84 n 2 3 : » P20 579 753 29 I "
85 1000 105 360 ! 125 78 318 517 [ 2o S 89°8 788 | ! »

; | i J

¢ ; i
i | i t { i

# acid value ofthe sample of oil nsed was 0°2 and the saponification value 35'7.



TABLE VIL

Expe iments with Nicloux’ Method using Manganous Sulphate as accelerator.

In each experiment 100 grams of cotton seed oil, 18'1 gram of ferment and 40 cc, of water were used.

1
No. of Temp. in - Acid value | Saponifieation ! Weight of " Per cent of hydrolysis after
Exp't. | degrees C of oil value of ail | q%aﬁgt. i , REMARES.
pSuiphate [y by )8 | 10 | 18 |28hes
] i i

86 24727 002 3440 ! o2 o9 15 — 1769 l 841 f 89-8 A in Exp 56

87 " . R ; ' S — 781 860 951 '

88 23,26 " " : 025 06 1Y 30.8 745 £33 939

89 » 1 . 015 08, 17 480 57 859 958 )

20 " LA 0 T A R 28 . 803 | 600 | 9T N

91 o m » ! 005 i Nil ! Nil Nil Nil Nil Nil “

92 0 o ¢ 020 1 352 | 549 — — — — In experiments 92to 99 the fer-

| ! ! ment, the activator and 5 per cent
! | ! of the water were stirred for a
! short time then kept for 10—18 hours
! | befor the oil was added.

: !

03 2472y .o " Lo P o= — | 554 66 Tz

v 1324 _-1 , 3415 : - Co— 350 (B — 81, — | In experiments 94 to 99 the mix-
X : i i ture wus stirred for 4 houra ouly afer
i | . i : : the addition of the oil.

i i : 1

95: : 5 . “ : “ 236 471 674 . T6'5 82 -

R . ,. ' . ’ .- 17 300 e : &9 A8 - Ferment prepared by removing
: ; : : P evarse particles by busket centrifuge
| ! using fine cloth.

o7 ‘ w ! . 165 31 I T S -

i . . ! “ 2475 40+ [SRIB4 T S0t -— Same st No, 00 and €1 only using

g0 . . ! ROEA 1rd oR o TR 831 —_ } somewhat coarser  eloth so  that

i i - ferment was scmewhat more turbid.
H '
: | , i

#1n 24 hours

TCe



TABLE VIIL

Experiments with Nicloux’ ferment at different temperature.

In each experiment 100 grams of cotton seed oil were used. The acid value of the oil was 0-03 and the saponification value 81 10.

| ' | | Per cent hydrolysis af
. } ! ydrolysis after
No.of | Y:gﬁ}:igf i V(;:‘;;n:’_ of  4cceler | Weight of e .
Zxperi.  Temperature &, © 00 in o ator  acclr.ingrams | Remarks
| | & . A 3 ‘ 10 \ 18 | 928 [|48hours
i { !
J | i : | % | 3
100 | 2097 w5 B Ae 0597 0 115 1 204 | 527 62-0 - - Ferment prepared as in
i ] H experiment No. 56
101 o " . s 00125 31 9227 | 561 | 660 - = -
102 93995 | 157 . Ae 0 0895 190 ; 490 | 708 | 797 | 864 | 979 "
103 b’ “ . S 00182 65 | 812 | 547 | 694 | 757 [ 847 . )
104 %430 | wo s 1 Ae 00895 230 | 539 . 740 | 834 | 906 | 990 ,, =
105 ; s s ) 8 0-0182 76 | 348 | 614 | 741 | 801 | 902 '
106 28—30'5 | " P 00895 397 | 686 . 877 | 960 | 101°0 — .
107 ﬁ “ A 0-0182 159 | 363 587 | 686 | 783 | 884
108 “ L1005 3% | Ae 00597 254 | 571 0 740 | 89 | oS | 970 »
109 “ | . . P8 0-01212 187 | 487 . 677 | 769 | 850 | 903
110 28—31 | 131 45 | Ac 0°0895 312 | 642 | 815 | 903 | 977 | 1007 .
111 go | 3 = f i 0-01515 215 | 529 'é'ég ggz gg% g;g "
112 32-35 | e 00597 191 507 : -5 : . . <
113 . 3 . 3 | S 00424 132 336 45 . 677 | 769 | 809 }““ed ground castor seed
114 s3-85 | 15w ! 58 ' Ac | 00895 g0 | 137 198 | 216 | 232 — | Perment prepared as in
i ' i experiment No,
115 » ' " i » b8 0-0182 44 80 128 | 132 108 — N
116 3436 “ . Ac 00895 44 89 86 | 1002 | 108 — "
117 s . 00182 31, 51 76 | 85 9'6 - .
118 3r—42 | w o . Ac 00895 $3 | 89 42 46 ) 49 — .
119 " : s » S 0-0182 15 15 | 25 | 28 2 — »

S = Sulphurio acid. Ac—Acetic acid.
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Conclusions drawn from the experiments included in
Tables V to VIII.

1. A comparison of experiment 55 with experiment 61
indicates that the groundnut oil is not hydrolysed so readily
as cotton seed oil under similar conditions. Compare also results
in Table II.

2. 'The results show that with cotton seed oil 95—98 per
cent hydrolysis can be obtained within 48 hours by using prepara-
tions of the type of those described by Nicloux. Such prepara-
tions can he made by any one of the three processes: —(a) grinding
castor seed with twice its weight of refined cotton seed oil and
then pressing through wire gauze and finally through cloth to
remove solid particles (compars experiments 55-61) (b) grinding the
seed with the cotton seed oil and separating the coarse particles by
means of a tube centrifuze and using the turbid oily layer (cf.
experiments 62 and 63; (c) grinding the seed as in (a) or (b) and
removing the coarse particles by means of a centrifuge in which
the wire gauze of the basket is covered on the inside with a layer
of longcloth. The turbid oil which collects in the outer cage
is highly active (cf. expt 96—99.)

3. Tt is highly advisable to nse ferment which is freshly
prepared, as experiment No. 57 indicates that after 3 days the
activity is diminished.

4. An appreciable difference is encountered when undecorti-
cated seeds are used for preparing the ferment, as the saponifica-
tion proceeds much more slowly than when using the equivalent
quantity of ferment from decorticated seed. (Expts. 75 and 76).

5. When cold pressed castor cake is used as the source of
the ferment the quantity of the ferment emulsion necessary to
produce rapid hydrolysis is also much greater (Experiments 73
and 74). The cake was several days old before it was used.

6. The results confirm Hoyer’s statement that small varia-
tions in the total amonnt of sulphuric acid present with a given
weight of oil or of ferment affect the rate of hydrolysis in a mark-
ed manner (experiments 65 to 7%). As it is difficult to obtain a
fernuent preparation which always has the same lipase contents, it
is clear that working on a commercial scale and using sulphuric
acid as activator it would be necessary to make small scale tests
with each bateh of ferment in order to ascertain the amount of
sulphuric acid to be added to obtain the optimum effect.  Acetic
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acid has the great advantage that the maximum rate of hydroly-
sis can be attained within relatively wide limits of concentration
o the acid. Tt has, however, the drawback that it is not readily
eliminated from the crude glycerine,

7. Manganous sulphate is an excellent activator, and when
used in the proportion of 0-2 parts of the crystallised sulphate
per 100 parts of oil and 4 parts of crushed seed, or the equivalent
quantity of ferment preparation, produces 90—95 per cent.
hydrolysis within 48 hours. (Experiments 86 to 89). A reduction
however of the amount of activator to 0:05 parts per 100 of oil
reduces the hydrolysis practically to zero.

8. When manganous sulphate is used the hydrolysis proceeds
very slowly within the first four hours, but then proceeds rapidly.
If, however, the ferment, manganous sulphate and a portion of
the water are stirred for a short time, then left for 10—18 hours
and finally added to the oil and the remainder of the water, the
hydrolysis proceeds rapidly from the beginning (experiments 92
to 99) although after 48 hours or even 28 hours the amount of
oil hydrolysed does not differ materially from what is obtained
when this preliminary treatment is not adopted.

9. Continual stirring is not necessary, using acetic acid a
preliminary stirring for four hours is all that is required to obtain
a stable emulsion which remains permanent for 48 hours. I,
however, the manganous sulphate, ferment preparation and part
of the water are not first kept in contact for some time the period
of stirring required is much longer (cf. experiments 121 to 123).

10. A temperature of 30 or 31° appears to give the best
results, the rate of hydrolysis is much reduced when a tempera-
ture approaching 36° is used and become almost negligible af

40-- 42°. (Experiments 100 to 119).
VII. LARGE SCALE LXPERIMENTS.

As the results of the experiments on the small scale we
came to the conclusion that the French method would be the
most convenient to work on a larger scale and therefore several
experiments were made with quantities of about 100 kg. of cotton
seed oil using either aceétic acid or manganous sulphate as activa-
tor. The experiments were carried out in a jackotted enamelled
iron pan provided with a geared stirring arrangement.

In order to obtain a crude glycerine as froe from protein
matter as possible the original oil was steamed for about 5 hours,
allowed to settle and the clear oil syphoned off.
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The general method of preparing the ferment was
as follows :—b kg. of decorticated castor sceds were ground
with 10 kg. of cofton seed oil in an edge runner mill for 35
minutes when the mixture formed a pulpy mass.  This was
then filtered through a 40 mesh sieve and finally squeezed
through cloth and about 12 kg. of the turbid oil ferment were
obtained. About 1 kg. of coarse residues remained on  the sieve
and 2 kg. of fine residues on the cloth.

In experiment No. 123 the solid particles were ramoved
by placing the pasty mass in a basket eentrifuge lined with mull
cloth and centrifuging for 40 —145 minutes.  About 11 kg. of for-
ment an.. 4 ke. of residue were obtained.

Ezperiment No. 120. The mixture used consisted of 32-7
kg. of cotton sced oil (with an acid value=0-10 and a saponilica-
tion value=34c50%), 18 6 ke, of water containing 239 grams of
glacial acetic acid, and 4°2 kg. of ferment.  The whole was stirred
for 11-5 howrs and kept at a temperature of 26—29° and then the
stirring was stopped.  After 4 hours 66-1 per cent. of oil was hydro-
lysed, aftor 115 hours 89 2 and after 22 hours 93°7. At the end of
28 hours the mixture was heated to 50" and 51 gramns of commereial
concentrated sulphuric acid and £2 grams of water added, the
whole stirred for a fow minutes and then allowed to vettla. The
upper layer of fatty aoids was removed and the lower layer of
glycerine water run off and the middle layer washed twice with
warm water.  The weight of fatty acids was 32:6 kg. and of
middle layer 27 kg, To remove the sulphurieacid the eombined
glycerine liquor including washings was neutralised by means of
finely ground commercial bariwe. carbonate, and the precipitated
barium sulphate removed and washed.

An analysis of the glycerine liquor gave the following

values :—
Total weight of liquor oo 860 ke,
Sp. gr. at 27° e 1081
Glycerine content from sp. gr. ... 365 per cent.
Acidity . 0020
Total ash e 0030 per cent.,
Total solids at 160)° U B ) .
Total glycerine in liquor e 310 ke,

* Sec fontnote p. 245,
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A portion of the dilute liquid was concentrated under
reduced pressure and a brownish yellow concentrated crude
glycerine obtained. This gave the tollowing results on analysis :—

Sp. gr. at 27° .. 1255
Glycerine content fromsp. gr. ... 980 per cent.
» by acetin method ... 914 ”»

Aocidity .. 0056
Total ash ... 078 per cent,
Total solids at 160° ... 258 ’

Lzperiment No. 121. Temperature 24-28°. The follow-

ing (uantitics of materials wore used: 89 kg. of cottonseed oil
(acid value=002 saponification value = 34-40), 36:3 kg. of water,
135 grams of finely powdered manganous sulphate and 11-8 kg. of
ferment. These were placed in the pan and stirred for 8 hours {noon
to 8 p.m), the stirring wasthen discontinued but next morning the
emulsiom had broken and the oil and water separated ; the stir-
ring was therefore continued for 8 hours on the second day when
a permanncnt emulsion was formed. ‘The percentages of hydro-
lvsiy were :—
24 hours 24, 48 hours 92'1 and 72 hours 96:0: At the end of 72
hours the mass was heated to 80° and treated with sulphuric acid
(140 grams acid and 140 grams of water) and the three layers
separated. The fatty acids* weighed 87'3 kg. and the middle
layer '8 ku. The glycerine liquor was heated to 80 -90° and
treated with finely divided barvium carbonate (ground up with
part of the glycerine liquor) until all the sulphate was removed,
this required 850 grams of the carbonate. The greater bulk
of the clear liquid was removed by decantation and the remainder
by means of a filter press, and the barium sulphate was washed
twice with water. 'The following values were obtained :—

Weight of main glycerine liquor ... 182 kg.

Sp. gr. at 27° ... 1074
Glycerine content from sp. gr. ... 337 per cent.
Acidity ... (r006.

Total ash ... 027 per cent.
Total solids at 160° ... 095 "
Total glycerine in liquor ... 62 kg

#Tho falty acids obtained in this and subsequent experiments were of

exeellent colour.
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An attempt was made to reduce the total solid content
by precipitating soluble proteins by mecans of aluminium sul-
phate solution. For every 160 c.c. ol glycerine liquid 1 c. e
of a 5 per cent. solution of crystallised ‘dummmm sulphate was
used and a flocculent precipitate obtained ; the mixture was then
treated with barium carbonate followed by a little barium hy-
droxide solution and a produect containing only 0-175 per cent. of
ash and 072 per cent. of total solids was obtained.

Ezperiment No. 122. This was similar to No. 121 with
the exception of using 82 kg. of cotton seed oil and the correspond-
ing amounts of the other materials. The temperature was 22—
25°5°.  The mixture was stirred for 8 hours and kept at rest over

night. It was partially de-emulsified in the morning and the
stu'unfr wag continued for another 4 howrs when a Htable emulsion
was produced After 21 hours 416 per cent. of the oil was
hydrolysed and after 72 hours 990 per cent. The subscquent
procedure was as in the previous experiment and the following

values were obtained :—

Weight of glycerine liquor .. 1473 kg.

8p. gr. at 27° ... 1°105.
Glycerine content from sp. gr. ... 425 per cent.
Weight of glyceerine . 61 ke

Washings from the middle layer ... 37
Washings from the barium sulphate 42 ,,

The following analytical results were obtained from the
three liquids :—

1. 2. 3.
Main glycerine  Middle layer Barium sulphate
liquor. washing. washings,
‘Weight 148 37 b2 ko
Sp. gr. 27° ..o 1105 N R e 10w
Gilycerine content
from sp. gr. 425 w297 181 per vent
Acidity U (MR . 0019 (-002
Total ash 0375 053 0125 per eent.
Total solids at 160° ... 116 S 0080 (120,
Weight of glycerine
from 8p. gr. 8L .. 00 075 ke

Total glycerine 7-8 k.
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The main glycerine liquor was treated with aluminium
sulphate and then with baryta as in experiment 121 and a liquid
with the following constants obtained :—

Sp. gr. at 27° .. 1:089.
Glycerine content from sp. gr. ... 365 per cent.
Total ash .. 009 ,,
Total solids at 160° ... 070 "
Alkalinity ... 0020

FEzperiment 123. In this experiment the ferment was
prepared by grinding together 5 kg. of decorticated seed and
10 kg. of cotton seed oil in a ball mill for 1'5 hours and then
removing all coarse particles by centriluging for half an hour in
an 18” hand centrifugal at 700-—800 revolutions per minute and
using a fine mull cloth lining for the hasket. 102 kg. of
ferment liquor and 4-0 kg. of residues were obtained.

The quantities of materials used in the experiment were
64 kg oil, 255 kg. of water, 118 grams of finely powdered
manganous sulphate and 9'1 kg of the ferment.

In order to ascertain the amount of activator which
would give the optinjum effects, small scale experiments wera
made by mixing 100 grams of oil, 13.1 gramsof ferment and
40 c. c. of water with cifferent quantities of manganous sulphate
viz. 0-15 grams, 0-175 gr. and 0'20 grams. At the end of 24
hours the per cent. of oil hydrolysed was 867, 83'4 and 819 per
cent. respectively. The proportion of 0°15 grams of activator per
131 grams of forment was therefore sclected for the main experi-
moent.

As the two previous experiments (Nos. 121 and 122)
had shown that if the materials are all mixed together and
agitated a permanent emulsion is only obtained after more thap
12 hours stirring the method adopted in the small scale experi-
ments No. 92 t0 99 (Table VII) was used. The ferment, manga-
nous sulphate and 8'4 kg. of water were thoroughly mixed by
stirring for half an hour and the mixture kept for 18 hours and
daring this time no separation occurred. The oil and remainder
of the water wcre then added and the whole stirred for the first
4 hours only when the following results were obtained :—4  hours
52:9 and 24 hours 92°0 per cent. of oil hydrolysed. The tempera-
ture was 20 —24°. After 28 hours the mixture was heated to 80
105 grams of sulphuric acid and 105 grams of water added, the
mixture stirred for a few minutes and on standing the three
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layers separated in the usual mannet. The fatty acid layer
weighed 63'2 kg. and the middle layer 44 k. The hulk of the
glycerine liquor in this middle layer was removed by centrifuging
in’ a basket hydrocxtractor lined on the inside with mull cloth.

The glycerine was freated with barium carbonate at
70—80° and the resulting liquor mixed with one per cent. of its
volume of a 5 per cent. solution of crystallised aluminum sulphate.
On being stirred and then allowed to stand an appreciable amount
of precipitated organic matter was obtained. The solution was
treated with the requisitc amount of barium hydroxide to remove
all the sulphate.

The main glycerine liquor weighed 155 ke. and the
liquor obtained by centriluging and wasbhineg the middle layer
3:65 kg. and the combined liquid when purified and coucentrated
gave 65 kg. of crude lignor with the tollowing values :—

Sp. gr. at 23° o D248,
Glycerine content by acetin methad. .. 90:0 per cent.
Ash o 03T,
Total solids at 160° U - 1/ B
Alkalinity e 0°043

The weight of pure glycerine is therefore 59 ke, fromn
the total 61491 kg. of oil employed. This corresponds with an
81 per cont. vield of glyeerine.  The value for cotton seed oil is
usually given as 8% per cent.

Concentration of the Crude Glycerine, Analysis and Distilla-
tion of the product.

Concentration. In some of the earlier experiments the
glycerine liquors were concentrated by heating in glass vessels
undor reduced pressure, but working with larger quantities we
adopted the method of concontrating by means of the small film
evaporator described in this Journal Vol. 11. p. 200, The cons-
truction is seen from the accompanying figure. With such an
evaporator using steam at ahout 40 Ibs. pressure and n vacuum
of 80—100 mm. of mercury, it was found possible to concentrate
in an hour 7—8 kg. of dilute liquer with a sp. gr. 1089 to a
liquid with a sp. gr. of 1-214.,

) * Simmons and Appleton (The Hand book of soap munufucture po 116)
give 10 per cent. of an d0 per cent. erude glyeerol.
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Analyszs After removal from the film evaporator a
final evaporation in glass under reduced pressure was usually
carried out.

Table No. IX gives the analytical date for a sample of
concentrated crude Twitchell glycerine made by Messrs. Field
Ltd., of Lambeth and for 3 samples of fermentation crude gly-
cerine after concentration.

TABLE No. IX.

Fermentation Glycerine.

Twitchell

Glycerine. 1 2 3
Sp. gr. at 27° 1°24% 1255 1246 1-285
Glycerine from Sp. gr. 950 980 950 91-1 per cent
Glycerine by acetin method 86:7 915 900 77:0 »”
Total ash 1"05 078 037 045 ’
Total solide at 160" 2:35 250 1°85 2720 ”
Alkalinity 0040 e (RIR] nil
Acidity 0-056

No. 1 was prepared by using acetic acid as accelator and without
precipitating proteins by aluminium sulphate.

Nos. 2 & 3 were pr (‘p,uvd by using manganous sulphate as aceelera-
tor and also precipitating proteins with aluminum sulphate and final treatment
with barium hydroxide.

These results indicate that the fermentation glyeerine
is quite as good as, if not Letter than, the Twiteliell glycerine as
far as ordinary analysis goes.  The ultimate test would, however,
be the yicld and quality of the refined product produced by distil-
lation with superheated steam uunder reduced pressure. As we
had no suitable plant available for carrying out such distillations,
we distilled under reduced pressure in glass vessels by direct
heating. For this purpose it was neceessary to remove all traces
of water hefore distilling. This was au'mnphshml by heating the
cride, concentrated pmdu(t under reduced  pressure (20 mm.)
in an oil bath the temperature of which was raised gradually to
200°.  In order to avoid loss of glycerine owing o the frothing
of the liquid a loose plug ot cotton wool was placed in the neck of
the vessel,

Two samples of Fermentation wlyeerine and one of
Twitehell glycerine were distilled in this way el it was found
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that the Twitchell glycerine gave a superior product. It gave a
paler coloured distillate, with not so pronounced a smell and the
amount of residne left in the flask was distinctly less.

A sample of the distilled glycerine was submitted to
the Government Cordite Factory, Aravankadu, and the report
was to the effeet that the sample appeared to be quite suitable for
nitration but that larger quantities would be required before a
completely reliable opinion could be expressed.

We have to thank Mr. K. Panduranga Rao for making
several of the analyses mentioned in this part.



